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BOVINE SERUM AS A COMPLEMENT FOR THE COMBINED
EFFECTS OF THROMBOKINASE AND "CEPHALIN"*t
J. H. MILSTONE
A preceding communication7 presented detailed evidence that protein
thrombokinase and lipoid thromboplastin are distinct factors with comple-
mentary functions. It was concluded that thrombokinase is a direct activator
of prothrombin, whereas lipoid thromboplastin and ionic calcium are
accessory factors. This preliminary note demonstrates that a further
complementary effect is exerted by bovine serum.
Prothrombin7 and thrombokinase' were prepared from slaughterhouse
bovine plasma, and the general methods were similar to those previously
described.7 The "cephalin" used for the present work was prepared by the
classical method of Howell4; and it behaved in much the same way as the
lipoid thromboplastin used previously.7 The bovine serum had been stored
in a frozen state and had been thawed occasionally for other work.
All tests of Figure 1 contained the same amount of prothrombin and
0.0025 M. calcium chloride. In addition, Test A contained all three variables
-0.032 mg. of thrombokinase, 0.016 mg. of "cephalin," and 0.00125 ml. of
serum. In Tests B, C, and D, one variable was omitted and the other two
were doubled, as outlined in the figure. The final volume of all mixtures was
1.1 ml. At intervals, given by the abscissas, samples were assayed for throm-
bin by determining how fast they clotted fibrinogen. The arbitrary number,
3,000, was divided by the clotting time in seconds to give the thrombin
values represented by the ordinates.
As shown in the figure the net production of thrombin was much faster
in the presence of the triple combination-thrombokinase, "cephalin," and
serum, than with twice as much of any combination of two out of the three
variables. It would be hard to explain the effect of serum as merely that of
adding more thrombokinase or more "cephalin." Clearly, the serum exerted
a different kind of acceleratory effect. Because of the crudity of whole
serum and the complexity of the problem, the distinct effect of serum does
not necessarily prove the existence of an entirely distinct accelerator.8
But that is a serious possibility, as suggested by further experiments.
Net production of thrombin was accelerated by the addition of small
amounts of serum to systems which had moderately large amounts of
thrombokinase and "cephalin." This revealed that serum brought to the
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system a factor that was not well supplied by all the other materials com-
bined, including the prothrombin and calcium. Similarly, brisk acceleration
resulted from the addition of small amounts of "cephalin" to systems con-
taining a large amount of serum. Hence, the serum had very little
"cephalin"-like action. The production of thrombin in Test C of Figure 1
was at least partly due to a small amount of thrombokinase which is known
to contaminate the prothrombin. How much thrombokinase, if any, was
contributed by the serum is unknown; but it could not have been much
compared to the amount in 0.032 mg. of the thrombokinase reagent.
When all three variables of Figure 1 were doubled, thrombin was pro-
duced faster than in Test A. When the prothrombin was omitted, compara-
tively large amounts of
thrombokinase, "cephalin,' PROTHROMBIN, CALCIUM CHLORIDE,PLUS A,B,C, OR D
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FIG. 1. Bovine serum as a complement for the Several of hs resultsmodi- combined effects of thrombokinase and "cephalin."
cated that one or more of
the proposed new clotting factors could be distinguished from thromboki-
nase.' Alexander's study gave valuable clues which were followed up in the
present work. The results here reported show that bovine serum exerts an
acceleratory effect which is different from that of thrombokinase and that of
"cephalin." This different effect of serum may possibly correspond to one or
more of the proposed new accelerators.
Thrombin-producing systems comprising five separate reagents have been
described before.1'35'910 At the moment it is difficult to tell how closely
comparable these systems are. The present system differs from all of them
in that four of the reagents, rather than three, are named as old factors. It
further differs in that one of the reagents, thrombokinase, has been shown
to activate prothrombin without calcium ions.'
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